The aim of this study was to compare the clinical and laboratory features of infants with roseola infantum due to human herpesvirus 6 (HHV6) infection and those with urinary tract infection (UTI). Methods: We retrospectively reviewed the medical records of children who were hospitalized at 92 (male, 45 and female, 47) were included in the study and divided into a HHV6 infection group (n=50) and a UTI group (n=42). The relative risk of UTI compared with that of HHV6 infection increased with pyuria (P<0.001), increased with leukocytosis (mean white blood cell [WBC] count, 15,048±5,756/mm 3 vs 87,916±54,056/ mm 3 ; P<0.001), increased with C-reactive protein (CRP) level (4.89±4.85 mg/dL vs 1.04±1.76 mg/dL; P<0.001), and younger age (6.3±3.2 months vs 18.3±12.6 months; P<0.001). The relative risk of HHV6 infection compared with that of UTI increased with fever duration (4.3±1.7 days vs 2.8±1.7 days; P<0.001) and decreased with platelet (PLT) count (373±94×10 3 /mm 3 vs 229±90×10 3 /mm 3 ; P< 0.001). No significant differences were found between the HHV6 groups according to the presence or absence of pyuria. Conclusion: Pyuria, age, fever duration, WBC count, CRP level, and PLT count were the differentiating factors of HHV6 infection from UTI. However, sterile pyuria can occur in children with HHV6 infection. In the presence of pyuria, CRP level and PLT count were the strong predictors of UTI compared with HHV6.
Introduction
Roseola infantum, also known as exanthema subitum or sixth disease, is an acute benign febrile exanthem of childhood. It is a clinical syndrome cha racterized by three to five days of high fever (may exceed 40℃ [104ºF]) that resolves abruptly and is followed by development of a rash 1, 2) . The disease ini tially manifests as a suddenonset high fever, typically lasting 35 days 3) . Ma cular or papular rashes appeared on face, trunk, or both, mostly at the time of subsidence of the fever and other clinical manifestations occurred as fol lows: mild diarrhea, edematous eyelids, erythematous papules in the pharynx, cough, and mild cervical lymph node swelling 36) .
But early in roseola infantum, other clinical symptoms except fever, did not always occurred in all patients. So, dif ferential diagnosis of roseola infantum with urinary tract infection (UTI) is difficult because the initial symptom of fever without other symptom is also suggestive of UTI which is common disease in children 7) . In such cases, urin alysis is thought to be the best ways for ruling out UTI and avoiding unnecessary antibiotic treatment. But it is often difficult to differentiate both diseases, if there is pyuria in patients with roseola infantum. Because it takes at least 3 4 days to differentiate the two diseases until a characteristic rash occur from the patient or it is proven to grow bacteria in the urine, it is very difficult to differentiate between ro seola infantum and UTI. The aim of this study is to com pare the clinical and laboratory features of children with roseola infantum caused by human herpesvirus 6 (HHV6) and UTI for early differential diagnosis.
Materials and methods
A total of 92 children who were admitted to the Cheil General Hospital and Women's Healthcare Center, Dan kook University, College of medicine for HHV6 or UTI during September 2014 to May 2016 were enrolled. We re viewed the medical records of 50 infants diagnosed with HHV6 and 42 infants diagnosed with UTI and analyzed retrospectively. This study was approved by the Institu tional Review Board and Research Ethics committee of the Cheil General Hospital and Women's Healthcare Center (IRB No.CGHIRB201651).
Roseola infantum was diagnosed if infants had typical clinical symptoms of the disease, including an initial fever of between 38.9℃ and 40.6℃ for 35 days, restlessness and irritability(but otherwise alert), and mild cervical or, less frequently, occipital lymphadenopathy within 1224 hours of fever resolution 8) . The characteristic exanthem of roseola is faint, rose pink in color, and consists of discrete irregular circular or elliptical macules or papules that measure 23 mm in diameter and blanch under pressure 9) . The eruption occurs predominantly on the neck and trunk, though it can spread to the face and extremities 10) . We confirmed the diagnosis of roseola infantum by detection of HHV6 virus through the polymerase chain reaction.
Urine samples were collected using a urine bag after ste rilizing on genital area with hibitan solution (chlorhexidine gluconate solution 0.25 mL/mL). After sterilization, a sterile urine bag was gently attached to the area using adhesive strips and urinalysis was done as soon as possible after voi ding. UTI was diagnosed if the urinalysis result is positive, the patient is symptomatic, and there is a single organism cultured with a colony count >100,000 11) .
Fever was defined as ear (tympanic membrane) tempera ture above 38℃ 12) .
Pyuria is defined as the presence of 3 or more white cells per highpower field of unspun urine 13) . Inflammation was indicated by a Creactive protein concentration (CRP) >0.5 mg/dL. Age at diagnosis, sex, white blood cell count (WBC), pla telet count(PLT), CRP concentration, season of disease onset, duration of fever, and peak degree of fever were com pared between infants who had HHV6 infection and UTI, and also between infants who had HHV6 infection with pyuria versus infants who had HHV6 infection without pyuria.
Statistical analysis was performed using SPSS version 20.0 (SPSS, Inc., Chicago, IL, USA) and a P value of less than 0.05 was considered as statistically significant. Continuous variables were expressed as mean±standard deviation (SD) and were compared between groups with the MannWhit ney Utest. Pearson correlation analysis was performed to examine the relationship between two continuous variables and multiple logistic regression analysis was performed to find independent predictive factors.
Results
Total 97 (male 45, female 47) infants were included: 50 in the HHV6 group and 42 in the UTI group. The demo graphic and clinical characteristics of infants with HHV6 and infants with UTI are summarized in Table 1 . Infants in the HHV6 group were significantly older and had a longer duration of fever than infants in the UTI group (P< 0.001). And they had a tendency of lower PLT than infants in the UTI group (P<0.001). On the other hand, it was evi dent that infants in the UTI group had pyuria (P<0.001), leukocytosis (P<0.001) and higher CRP >0.5 mg/dL (P< 0.001) compared with the HHV6 group. There were no sig nificant differences in sex and season.
On univariate logistic regression analysis, age, fever du ration, laboratory finding such as WBC counts, PLT counts, CRP level and pyuria were significant differentiating pre dictors (P<0.05) of HHV infection from UTI. Multivariate analysis showed that the most strong risk factor of UTI was pyuria. But infants in the HHV6 group can also have py uria. So when pyuria is exist, increasing WBC (P<0.001), decreasing age (P=0.003) and increasing CRP (P=0.006) were risk factors of UTI. And the risk of HHV6 is increased as PLT is decreased (P=0.001).
The demographic and clinical characteristics of infants with HHV6 who did and did not have sterile pyuria are sum marized in Table 2 . There were no significant differ ences in age, sex, seasonal incidence, peak body tempera ture, fever duration, WBC, CRP, or PLT in betweengroup differences, it is difficult to differentiate HHV6 when pyuria exist.
The demographic and clinical characteristics of infants with HHV6 who have pyuria and UTI are summarized in Table 3 . Of the 50 infants with HHV6, 17 (34%) were found to have sterile pyuria. If a patient has high fever and pyuria, age (P<0.001), WBC (P=0.00), CRP (P<0.001), and PLT (P< 0.001) may be predicting factors of HHV6 from urinary tract infection.
Discussion
Roseola infantum is the disease that affects a child bet ween six months and two years of age, and begins with a sudden high fever. Generally, until the characteristic rash appears, other symptoms do not appear.
UTI is a common source of fever in pediatric patients, and it's clinical findings are frequently nonspecific, making recognition and diagnosis challenging 14) . Same as above, infants with roseola infantum and UTI initially present with high fever and without other symp tom, it is difficult to differentiation these diseases rapidly. In this study we reviewed the medical records of infants with HHV6 who diagnosed with viral study confirmation and UTI for identifying factors that may predict the diffe rential diagnosis of these conditions. Indeed, we found that pyuria, increased WBC and CRP and younger age were the strongest predictors of UTI as determined by mul tivariate regression analysis.
We also described a small cohort of infants with HHV6 and pyuria. In our study, if pyuria exist, increased WBC and CRP and younger age were the strongest predictors of UTI and decreased PLT is the strongest predictors of HHV6.
Previously there was a report the describe roseola infan tum and sterile pyuria 15) but the viral testing confirmation for diagnosis of reseola infantim were not done in the study. To our knowledge, this is the first report to confirm the HHV6 infection through the viral study in the patients with roseola infantum combined with pyuria.
We found that a relatively high proportion of infants diagnosed with HHV6 may have pyuria (34%) and can be frequently misdiagnosed as UTI during initial presentation before more obvious clinical symptoms appear. We sup pose that sterile pyuria with roseola infantum may be re lated with viremia of HHV6. In patients with roseola infan tum, there were no significant difference of demographic finding in accordance with the presence of pyuria. In 6 patients of HHV6 with pyuria showed positive results in urine culture.
With this study, high WBC count (P<0.001) and elevated CRP levels higher than 0.5 mg/dL (P<0.001) can be strong predictors of UTI. And also older age, longer duration of fever, and lower PLT counts suggest HHV6 infection. Actu ally, PLT was not decreased below the normal range (150K) in all patients with roseola infantum, there was obvious tendency of decreasing PLT in HHV6. Indeed, in the 12 patients (24%) with roseola infantum showed a decrease in PLT below the normal compared to none of UTI patients showed a decrease PLT. In our study, high proportion of patients with roseola infantum (98.0%) and all patients with UTI were treated with antibiotics. Fever duration after antibiotics treatment make no difference between UTI (1.4±1.2 days) and HHV6 (1.7±1.1 days). Probably, fever was subsided in patients of UTI in accordance with antibiotics treatment. But in pati ents with roseola infantum, fever was subsided in accor dance with the natural progress of viral infection. Early dif ferential diagnosis of roseola infantum and UTI is should help to reduce the use of antibiotics in viral infection.
A limitation of the present study was that the small co hort of study and the use of urine bags for collection of urine samples which can make contamination. Despite of con tamination possibility, urine bag is better way for urine col lection because of being noninvasive. Further study may be needed with large cohort of HHV6 and roseola infantum with other virus such as HHV7.
Conclusion
Age, fever duration, WBC, CRP and PLT and urinalysis may be useful for making a tentative diagnosis when in fants present with high fever and are suspected of having HHV6 or UTI. But, in our study about 34 % cases in HHV6, pyuria was occurred. In that cases in which diagnostic uncertainty exists, urine culture is thought to be the best means of ruling out UTI.
Before urine culture result is coming out, age, CRP and PLT may be useful for preventing unnecessary antibiotics therapy. This is the first paper which compared clinical characteristics of HHV6 which was confirmed by viral testing for HHV6 versus UTI and suggest PLT as a pre dictable factor.
